INTRODUCTION
============

Hypopharynx reconstruction is among the most challenging head and neck reconstruction procedures due to its complexity and the possibilities of serious functional disabilities and potential life-threatening complications. The goal of hypopharyngeal reconstruction is to preserve speech and swallowing functions without a permanent tracheostomy and to isolate vital structures from saliva and food. Hypopharyngeal squamous cell carcinoma (SCC) is a highly aggressive cancer associated with a poor prognosis since it is generally diagnosed at an advanced stage. The hypopharynx shares a wall with the larynx, and the latter is usually sacrificed during surgery to resect advanced hypopharyngeal SCC.

With the advent of microsurgery, a growing number of studies tout the superiority of free flaps \[[@B1][@B2][@B3][@B4]\]. Recently, in head and neck reconstruction, the prevalence of robot-assisted free flaps has increased \[[@B5]\]. Although the cutaneous free flap tends to be preferred over the pectoralis major myocutaneous (PMMC) flap in head and neck cancer, the use of the PMMC flap persists as a common reconstructive procedure in many centers \[[@B2][@B6][@B7][@B8][@B9]\]. As most centers usually perform one type of flap surgery, few studies have directly compared systemic morbidities including flap survival and functional outcomes between reconstructive types. Consequently, the choice of flap seems to be dependent on surgeons\' preference and experience.

First reported by Ariyan \[[@B10]\] as an island pedicle flap in 1979, the pectoralis major flap has been the standard for head and neck reconstruction because it is stable and can be promptly and easily elevated \[[@B11]\]. The radial forearm free flap (RFFF) was first described by Yang et al. \[[@B11]\] in 1981. This approach offers a large amount of thin, pliable skin that conforms well to the native contours of the recipient site. The long pedicle allows anastomoses to be performed in either the ipsilateral or contralateral neck. The anterolateral thigh (ALT) free flap has recently gained popularity for head and neck reconstruction because it provides a larger surface area of expendable tissue with a long vascular pedicle. In addition, the distance from the head and neck allows this flap to be harvested at the same time as the ablative procedure is carried out. The purpose of this study is to compare two types of reconstruction approaches, PMMC flap and cutaneous free flap (RFFF and ALT free flap), for treating hypopharyngeal cancer in terms of systemic morbidity and functional outcome.

METHODS
=======

We retrospectively reviewed a total of 113 patients with hypopharyngeal SCC who underwent surgery as a primary treatment and immediate reconstruction with cutaneous free flaps or pectoralis major flaps at the departments of plastic and reconstructive surgery and otolaryngology head and neck surgery of our medical institution between 1995 and 2013. All of the reviewed reconstructive operations were performed by a single experienced reconstructive team to minimize the effect of the learning curve and measurement bias. We limited the patient population to hypopharyngeal SCC, excluding other types of carcinoma to reduce the effect of surgical variables. Salvage cases and patients lacking at least 6 months of functional outcome data after surgery (14 cases) were excluded. Consequently, 99 hypopharyngeal SCC patients were retrospectively analyzed. The study group comprised 98 males and 1 female (mean age, 62.5 years; range, 36 to 86 years) including 46 patients (46.5%) who underwent laryngeal preservation as a primary treatment. This approach was contraindicated in patients with pyriform apex invasion or lesions extending to the postcricoid area.

Two types of reconstruction approaches were compared with regard to systemic morbidity and functional outcome. Systemic morbidities were classified as flap-related complications, postoperative systemic medical morbidities, and length of hospitalization while functional outcomes were classified as oral re-alimentation and decannulation time for swallowing and speech functions. Flap-related complications were classified into major complications requiring an operation and minor complications addressed with conservative treatment. Flap-related complications were further divided into recipient site and donor site morbidities. If more than one complication was involved, the more serious or ultimate complication was included in the analysis. Hospitalization duration was measured in days and defined as the length of time that elapsed between surgery and discharge. If there was no discharge between the operation and other cancer treatments, the first date of postoperative chemo- or radiotherapy was defined as the discharge date.

For effective comparison, functional outcomes were classified into laryngeal preservation and total/near-total laryngectomy groups. Gastrostomy tube dependence is another reliable indication of swallowing function and was defined as the need for a percutaneous endoscopic gastrostomy tube for nutrition. The decannulation time was measured in days; short decannulation time is a useful indicator for faster recovery of swallowing and speech functions. In our study, complication risk factors included sex, smoking history, operative duration, age ≥65 years old and major comorbid conditions (diabetes mellitus, hypertension, cerebrovascular accident, pulmonary and cardiovascular diseases), and we confirmed their correlations with systemic complications. The total operative duration was measured in hours and defined as the length of time that elapsed between intubation and extubation.

Statistical analyses were performed using PASW ver. 18.0 (SPSS Inc., Chicago, IL, USA). P-values for each variable were calculated using Fisher exact test, the independent t-test, non-parametric Mann-Whitney test, or logistic regression analysis. For the reconstruction-type comparison, Fisher exact test was used for comparing proportions. The non-parametric Mann-Whitney test and independent t-test were used to compare medians and means. Logistic regression analysis was performed to explore the prognostic roles of relevant variables and estimate the odds ratio (OR) for postoperative medical morbidity. The normality distribution for continuous variables was validated using the Shapiro-Wilk test. Differences were considered statistically significant at P\<0.05.

RESULTS
=======

This study was designed to balance demographic and clinical variables and treatment. There were no significant differences in the incidences of comorbid conditions or any other variables between the two groups. However, PMMC flaps were more frequently used to shorten the operative duration due to a poor general condition caused by severe diabetes, hypertension, ischemic heart disease, or liver cirrhosis ([Table 1](#T1){ref-type="table"}).

The cutaneous free flap group comprised 85 patients who underwent RFFF (75 cases) or ALT free flap (10 cases), and the PMMC flap group consisted of 14 patients. Hypopharyngeal SCC was classified as stage I, II, III, and IV in 0 patients (0.0%), 6 patients (6.1%), 12 patients (12.1%), and 81 patients (81.8%), respectively. That the vast majority of patients were stage IV demonstrates that our cohort was made up of advanced cases that required major reconstruction. A total of 46 patients (46.5%) underwent laryngeal preservation as the primary treatment (RFFF: n=42, 56.0%; ALT free flap: n=2, 20.0%; and PMMC: n=2, 14.3%).

In all cases, the flap survived without any vascular crisis complications. The size of the skin paddle ranged from 20 to 168 cm^2^, and the mean flap size was 80.4 cm^2^. As shown in Table 1, the mean size was significantly larger in the cutaneous free flap group (83.7 cm^2^) than in the PMMC flap group (58.7 cm^2^, P=0.001). The skin paddles were the largest in cases where the circumferential defect of the hypopharynx was reconstructed with a tubed ALT free flap.

The flap-related complications included 27 problems (27.3%) at recipient sites such as fistula formation (n=11, 11.1%), infection (n=7, 7.1%), dehiscence (n=5, 5.1%), partial flap necrosis (n=2, 2.0%), stenosis (n=1, 1.0%), and seroma (n=1, 1.0%). Among them, 14 and 13 cases involved major and minor complications, respectively. The overall incidences of flap-related complications and dehiscence were significantly higher in the PMMC flap group than in the cutaneous free flap group. Although there were seemingly greater proportions of patients in the cutaneous free flap group and PMMC flap group with fistula formation and major complications, respectively, neither difference was statistically significant. The incidence of flap-related complications was tested using Fisher exact test ([Table 2](#T2){ref-type="table"}).

The flap-related complications included 16 donor site issues (16.2%), such as skin graft partial necrosis (n=14, 14.1%) and dehiscence (n=2, 2.0%). Of those patients, major and minor complications occurred in 12 and 2 cases, respectively. Despite the trend towards greater skin graft partial necrosis and dehiscence in the cutaneous free flap group and PMMC flap group, respectively, neither difference was statistically significant ([Table 2](#T2){ref-type="table"}).

The overall postoperative medical morbidity incidence was significantly higher in the cutaneous free flap group than in the PMMC flap group (80.0% vs. 42.9%, respectively, P=0.006). The incidence of postoperative pulmonary problems was significantly higher in the cutaneous free flap group compared to the PMMC flap group (63.5% vs. 28.6%, respectively, P=0.019). Specifically, a much larger percentage of the cutaneous free flap group developed pneumonia compared to the PMMC flap group (56.5% vs. 21.4%, respectively, P=0.020). The incidence rates of postoperative delirium, atelectasis, and cardiovascular complications were higher in the cutaneous free flap group, but the differences were not statistically significant. Differences in postoperative medical morbidity rates were compared with Fisher exact test ([Table 3](#T3){ref-type="table"}).

We next assessed the relationships between the two reconstructive approaches and risk factors affecting postoperative morbidity (i.e., smoking history, alcohol history, age ≥65 years old, operative duration, and premorbidities). Only the mean operative duration was significantly longer in the cutaneous free flap group compared to the PMMC flap group (15.8 vs. 12.7 hours, respectively, P=0.001). Interestingly, most risk factors showed no correlation with either reconstruction approach. The risk factors were tested using Fisher exact test and the independent t-test ([Table 4](#T4){ref-type="table"}).

The risk factors that were significantly associated with postoperative pneumonia were pulmonary premorbidity (OR=3.012), smoking history (OR=2.682), operative duration (OR=2.327), and older age (OR=2.145). All independent valuables were statistically significant predictors of postoperative pneumonia (P\<0.05) except postoperative atelectasis (P\>0.05). Statistically speaking, postoperative pneumonia was more likely to occur in patients with pulmonary premorbidities, followed by smoking history, greater operative duration, and old age in that order of risk ([Table 5](#T5){ref-type="table"}).

The mean length of hospitalization was 39.2 days for the total cohort. It was slightly longer in the cutaneous free flap group compared to the PMMC flap group (39.4 days vs. 38.2 days), but this difference was not statistically significant.

Oral re-alimentation was achieved in 82 patients (82.8%) within a mean of 19.2 days (range, 9 to 85 days). Gastrostomy tube dependence was total in 17 patients (17.2%) and was slightly more likely in the cutaneous free flap group than the PMMC flap group (15 cases, 17.6% vs. 2 cases, 14.3%; respectively, P\>0.05).

In laryngeal preservation cases, oral re-alimentation was accomplished in 40 patients (87.0%) within a mean of 19.8 days (range, 9 to 85 days). Gastrostomy tube dependence was total in 6 patients (13.0%) and only occurred in the cutaneous free flap group (6 cases, 13.6% vs. 0 in the PMMC flap group). The laryngeal preservation cases had slightly delayed mean oral re-alimentation starts and a low rate of gastrostomy tube dependence compared to the total cohort, but these differences did not reach statistical significance. Forty patients (87.0%) showed favorable swallowing results. Decannulation was achieved in 36 patients (78.3%) within a mean of 28.3 days (range, 14 to 150 days), whereas 10 patients (21.7%) required a tracheotomy tube. The median decannulation time was earlier in the cutaneous free flap group compared with the PMMC flap group (23.5 days vs. 53.5 days, P=0.254), but this difference was not statistically significant. The functional outcomes of laryngeal preservation were tested using Fisher exact test and the Mann-Whitney test ([Table 6](#T6){ref-type="table"}).

DISCUSSION
==========

In this retrospective comparative study of cutaneous free and PMMC flaps, we stratified patients and procedures to objectively assess functional outcomes and investigate possible correlations between preoperative risk factors and postoperative morbidities.

High incidences of overall wound complications and dehiscence at recipient sites were found in the PMMC flap group. However, it should be taken into consideration that PMMC flaps were usually selected to shorten the operative duration due to a poor general condition caused by severe preoperative comorbidities. There is widespread agreement in the literature that risk factors themselves are not associated with free flap complications \[[@B12][@B13][@B14]\]. While we did suppose that risk factor severity (e.g., degree of hypertension, degree of control of diabetes) was related to flap-related complication rates, we did not perform a statistical analysis to assess this possibility. O\'Neill et al. \[[@B15]\] found that the incidence of dehiscence was significantly higher in a group receiving a PMMC flap (n=2, 5.4%) than in one receiving an RFFF (n=0, P=0.040), but they did not speculate on a reason for this observation. You et al. \[[@B6]\] reported that a low preoperative albumin level (3.8 g/dL) was not significantly correlated with high incidence rates of overall wound complications or dehiscence in the PMMC flap group of their study.

With regard to postoperative morbidity, the incidence of pneumonia was significantly higher in the cutaneous free flap group (P=0.020). O\'Neill et al. \[[@B15]\] reported that the incidence of postoperative atelectasis was significantly higher in the RFFF group and hypothesized that it could be influenced by a longer operative duration. In our study, only operative duration was identified as a statistically significant risk factor for postoperative morbidity, but it only correlated with postoperative pneumonia, not atelectasis. It is well known that older age and premorbid conditions (e.g., smoking history and underlying disease) influence postoperative medical morbidity \[[@B15][@B16][@B17]\]. For example, older patients with pulmonary premorbidities would be more sensitive to the effects of prolonged anesthesia and could develop more severe complications, especially with regard to respiratory performance. Chick et al. \[[@B17]\] reported that chronological age alone is not a risk factor in a free flap procedure, but physiologic age after stratifying by premorbid conditions is a significant risk factor. Among the four risk factors we assessed, the strongest relationship was between pulmonary premorbidity and postoperative pneumonia. However, there was a limitation in that we did not examine individual differences.

The functional evaluation did not show meaningful differences between the cutaneous free flap group and PMMC flap group. Chepeha et al. \[[@B2]\] recently reported that an RFFF group had better functional outcomes than a PMMC flap group. Although many studies have reported that free flaps are superior, we found no evidence for this hypothesis in our study.

With regard to swallowing function, extensive resection of the base of the tongue or total tongue resection tended to increase the rate of tube dependency and affected oral feeding, and this should be considered in interpreting results. A limitation of our study is that an immobile tongue precluded swallowing function assessment.

Joo et al. \[[@B18]\] reported that 84% of 43 patients who underwent larynx-preserving partial hypopharyngectomy for hypopharyngeal carcinoma were able to meet their nutritional needs orally, and 88% were successfully decannulated. In our study, oral diets were possible in 82 patients (82.8%) and 40 patients (87.0%) were able to obtain all of their nutritional needs orally without restriction. Overall, 78.3% of all subjects who underwent laryngeal preservation were able to undergo decannulation. Patients who underwent laryngeal preservation as an initial treatment had good functional outcomes.

As mentioned above, the incidence of flap-related complications was higher in the PMMC flap group, but the rate of postoperative medical morbidity was significantly lower compared to the cutaneous free flap group. It is clinically significant that the PMMC flap group had a low incidence of postoperative medical morbidities, given that these patients had poor preoperative conditions and could not tolerate long operations. The advantages of the PMMC flap with regard to lower medical morbidity should not be undervalued. Our results suggest that PMMC flaps should be considered for hypopharyngeal reconstruction, especially in patients with pulmonary issues. Moreover, cutaneous free flaps are not appropriate for patients with a poor general condition and pulmonary comorbidities.

Given the level of experience of the single reconstructive team at our medical institution, our results should be more reliable than those of studies evaluating multiple reconstructive teams\' surgical outcomes by minimizing the effect of the learning curve and measurement bias, as shown in other studies. Our head and neck reconstruction center suggests the following guidelines for hypopharyngeal reconstruction: (1) When possible, laryngeal preservation should be prioritized in patients undergoing cancer ablation. (2) The PMMC flap is more favorable for patients with a possibly lethal premorbidity, especially pulmonary premorbidity when a long operation is impossible and a small defect is expected. (3) The cutaneous free flap is more favorable for patients without a lethal premorbidity when a long operation is realistic and a relatively large defect is expected. The ALT free flap should be considered specifically in cases of a large circumferential defect.

No potential conflict of interest relevant to this article was reported.

###### Patient and treatment characteristics^a)^

![](aps-42-608-i001)

Values are presented as number (%).

^a)^Both recurrent and secondary primary squamous cell carcinoma were excluded; ^b)^Values presented as mean (range), the normality variation for each group was validated using the Shapiro-Wilk test. P=0.001 compared between the two flap groups, as determined by an independent t-test.

###### Flap-related complications
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Values are presented as number (%).

^a)^Fisher exact test; ^b)^Split thickness skin graft.

###### Postoperative medical morbidity in patients

![](aps-42-608-i003)

Values are presented as number (%).

^a)^Fisher exact test.

###### Risk factors in patients
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Values are presented as number (%).

^a)^Fisher exact test; ^b)^Described as mean±standard deviation. The normality variation for each group was validated using the Shapiro-Wilk test; ^c)^Independent t-test.

###### Logistic regression analysis of the probability of postoperative pulmonary complications
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CI, confidence interval.

^a)^Total time between intubation and extubation; ^b)^Age≥5-year-old; ^c)^Pulmonary premorbidity including tuberculosis, chronic obstructive pulmonary disease, etc.

###### Functional outcomes in laryngeal preserving cases
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Values are presented as number (%)

^a)^Described as median (range); ^b)^P=0.254 compared with pectoralis major flap group, determined using the Mann-Whitney test.
